A defined medium capable of supporting growth and exocellular protease production by clinical isolates of Pseudomonas aeruginosa has been developed. Control of protease production is effected by a mixture of three amino acids and glucose.
Elaboration of exocellular proteases is a variable but common characteristic of Pseudomonas aeruginosa isolates. Although several different types of proteases have been described, the protease with elastase activity has been the subject of most intensive investigation. In a previous study we have characterized the major (elastase) and minor exocellular proteases from our isolates and designated them proteases 1 and 2, respectively (6) . Protease 1 has been given different designations by several other groups using different isolates ofP. aeruginosa (7, 9, 13, 16) . This elastase protease has been implicated as a virulence factor in experimental Pseudomonas infections (5, 12, 15) . This requires that P. aeruginosa produce proteases in vivo. Preliminary evidence supports this theory in that antibodies to P. aeruginosa proteases are detectable in sera of patients with cystic fibrosis (8) . However, production ofexocellular proteases in other species has been shown to be sensitive to catabolite repression by utilizable carbohydrates and to end product inhibition by amino acids (4) . If this sensitivity exists in P. aeruginosa, it might preclude protease production in vivo. This study was undertaken to examine the effects of nutritional factors on protease production and to develop a chemically defined medium supporting protease production.
P. aeruginosa strains 34362, 34369, and 34358 were isolated from cystic fibrosis patients suffering pseudomal pneumonia (C.H. Pai, Montreal Children's Hospital, Montreal, Canada), and strain PAKS-1 was isolated from a human urine specimen (B. Wretlind, Karolinska Hospital, Stockholm, Sweden). P. aeruginosa strains A, 24', pos, and 11-50 are nonclinical isolates from our stock culture collection. Strain 34362 was used for developmental work on defined medium. Three media were used in this study: (i) complex medium (trypticase soy broth [TCS], BBL Microbiology Systems), (ii) glucose-ammonia-salts medium of Norris and Campbell (14) , and (iii) defined medium (Table 1 ). All liquid cultures were incubated on a gyratory shaker (300 rpm) at 30°C for 24 h, maintaining a medium-to-flask volume ratio of 1 to 5. The protease activity of culture supernatants was measured by using the azocasein assay previously described (6) . One unit of protease activity is defined as the amount of enzyme needed to produce an increase in absorbance at 370 nm of 1.0 in 1.0 min under standard assay conditions.
A recently described defined medium which supports exotoxin A production by P. aeruginosa (3) supported only poor levels of protease production (1.1 U/ml) by strain 34362 (in absence of nitrilotriacetate). The defined medium described in Table 1 was therefore developed independently by stepwise modification of the glucose-ammonia-salts medium of Norris and Campbell (14) to achieve optimum protease production. NaCl and K2HPO4 concentrations are those found in Trypticase soy broth. All other components of the medium were examined individually as to type and concentration required to yield maximum protease production.
No protease was produced in the glucose-ammonia-salts medium until ammonia was replaced by an organic nitrogen source. Glutamate and glutamine, as sole nitrogen sources, supported the best protease production of all the amino acids. Valine and phenylalanine, unsuitable as sole nitrogen sources, nonetheless enhanced protease production when added as supplements to glutamate-containing medium. The ability of a combination of amino acids to support protease production indicates that protein is not required to induce the production of protease, nor is production repressed by the presence of free amino acids.
Glucose was the best carbon source tested.
Growth and protease production both increased with increasing glucose concentration up to 0.07 M and then declined at higher concentrations.
In the absence of glucose, both, protease production and growth were poor despite the presence of glutamate, valine, and phenylalanine as VOL. 144, 1980 CaCl2 , although not stimulatory to growth or protease production, was included in the medium since Morihara reported it to be essential for production of alkaline protease (analogous to our protease 2) (10). Both iron and zinc were found to be required for optimum protease production. Pseudomonal elastase is a zinc metalloenzyme containing 0.9 mol of zinc per mol of enzyme (11) . A culture supematant of strain 34362 containing 8 U of protease 1 per ml would contain 9.8 nmol of protease 1 per ml, given a specific activity of 24 U/mg and a molecular weight of 34,850 (6). This level ofprotease 1 production would require 8.8 uM zinc in the growth medium which corresponds well with our observed requirement of 8.5 itM ZnSO4.
Eight strains of P. aeruginosa were compared for the protease production in complex and defined medium (Table 2) . Defined medium generally supported good growth with the exception of strain A. Protease production was variable in defined medium. For the limited number of strains tested, defined medium supported high levels of protease production for strains of clini- 
